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ABSTRACT 

The Consolidation Pressure is to be reduced with the depth of subsoil underlying a highway embankment. The depth is 
significant stressed zone (D,) at which the pressure reduced to 0.2 or 20%. The of Significant Consolidation Pressure (Ds.p) 
has been obtained for the range of crest width at the top level of the embankment from 5m to 50m and for the range of 
embankment height from Im to 12m considering full consolidation pressure (Ao). 

Significant stressed zone for 20% of full consolidation pressure (Ao) is found as 4-30H, for embankment top width 5-50m. 
These values are too high and separate values of Dep for 30% of full consolidation pressure (Ao) are also evaluated. 
Significant stressed zone for 30% of full consolidation pressure are found as 2-6H. for embankment top width 5-50m. 
These values are not too large and reasonably practical to use. 
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distribution, stress reduction. 
1. INTRODUCTION 


The construction of highway embankments may 
be needed on soft or very loose natural subsoil 
extended to a great depth. The assessment for 
bearing capacity and settlement of subsoil is 
subjected to the depth of stressed zone extended into 
the underlying poor subsoil. The significantly 
stressed depth of subsoil as a multiplication of 
embankment height was evaluated in [1] for 70% 
consolidation pressure. As an extension of that 
research significantly stressed depth of subsoil as a 
multiplication of embankment height is evaluated 
through current study for full consolidation pressure. 
In this research, simplified ratios of embankment 
height to major influence depth or significantly 
stressed zone are determined for different depths 
and different crest widths of embankment. 


2. REDUCTION OF EMBANKMENT PRESSURE 


Embankment Pressure at top of subsoil or at 
embankment bottom level is termed as qe =YeHe 
which is considered to be distributed as per Fig-1 [2]. 

Consolidation Pressure at Hs depth of subsoil 
below center of embankment [3], 


Ado = fe (=) (a, + a>) _ (=) (a2) (1) 
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where, Hs = Depth of Subsoil underlying 
embankment, ye = Bulk Unit weight of embankment 
fill, Be = Width of embankment top. 

And in equation (1) - 
the distance between stressed point and end of 
embankment top= B,/2 


B B 
st eee = 
a, = tan"? | +—— ]- tan "4 |{ + 
Hg H, 
Bt 
@ = tan-1( 4+ 
H, 
Aton, 


and,a@, + a = tan1|2 


Now, for Consolidation Pressure at Hs depth of 
subsoil below the end of embankment top 
(replacing by 0), 


de 
Ao, = — 2 
O71 et (2) 


Considering the zero distance between stressed 
point and end of embankment 0 in equation (2) - 


2H 
van) 
a, =tan i, 


-1 2He 
a= 0 anda, + a,=tan (=) =, 
Ss 


Average Consolidation Pressure at Hs; depth 
below the embankment, 


1 
Ao = 7 (Ao + Ao,) (3) 
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where, 4o)=Consolidation Pressure at H; depth below 
center of embankment and Ao, =Consolidation 
Pressure at Hs depth below edge of embankment top. 

In Bangladesh the range of width carriage way is 
3.0m to 22.0m [3]. The range of crest width including 
shoulder, verge and median is 5.0m to 30.0m. For 4 
Lane and expressway the range of crest width may be 
30m to 40m. 

In this study the range of crest width (at top level 
of embankment) is kept between 5m and 50m. The 
range of embankment height 1.0m to 12.0m and side 
slope of embankment 1:2 are taken for analysis. 


\« 2H, >< B,/2 > 


Fig- 1 Stress Reduction Due to Embankment loading 
considering 1V:2H Side slope [3] 


3. DEPTH OF SIGNIFICANT CONSOLIDATION 
PRESSURE 


As recommended by [4] the depth of 20% of the 
foundation contact pressure is significant stressed 
zone for settlement analysis termed as the significant 


3.1 Significant stressed zone for 20% Stress 


Depth Ratio (H;s/He) at Ao/qe=0.20 is termed as 
(*) for width of Embankment Top, B: =5m to 50m 
e7 0.2 
and height of embankment, He=1m to 12m is 
presented in Table 3 and in Chart-7. 


—@—He=1m —e—He=2m 
—t—He=3m —iHe=4m 
——He=6m —@®—He=8m 
—— He=10m He=12m 


1.5 2.5 3.5 4.5 5.5 6.5 


H/H. 
Chart-1: H,/H, Vs Mo/q, for B,=5m 


depth, Ds. Terzaghi's suggestion was based on his me 
finding that direct stresses are regarded as negligible 0.35 
if they account for less than 20% of the applied 
stress. 0.32 

Consolidation settlement of the — subsoil 0.29 
underlying the highway embankment will take place 
for embankment pressure or self-weight induced 0.26 
pressure. Consolidation Pressure (Ao) is derived from i 
only Embankment Pressure (qe). The transfer of — 0.23 
embankment pressure is significant for assessment of > 
consolidation settlement. 0.2 

So that, significant stressed zone or the significant 0.17 
depth for Highway Embankment are analyzed 
accounting full Consolidation Pressure(Ao) at Hs 0.14 
depth due self-weight induced pressure of 
embankment. 0.11 
Now, Consolidation Pressure at Hs depth, 

Ao = 5 (Ay + Ao;) (4) 0.08 

The values of the stress transfer ratio Ao/qe are eae 2 oe eS ee 
calculated for different value of He, Bt and Hs. Change H/H, 
of do /qe for different Depth Ratio (H;/He) are Chart-2: H,/H, Vs Ao/q, for B,=10m 
presented in Chart-1 to Chart-6 for range of B:=5m to 
50m and range of He=1m to 12m. 
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Table 3: Values of (=) for width of B: =5m to 50m 
e7 0.2 


and He =1m to 12m 

B:(m) 5 10 | 20 | 30 | 40 | 50 | He(m) 
6.1 | 9.1 | 15 | 20 | 26 | 31 1 

4.5 | 61} 9.1 | 12 | 15 | 17 2 

4.0 | 5.1 | 7.1 | 9.1 | 11 | 13 3 

(#) 3.7 | 4.5 | 6.1 | 7.6 | 9.1 | 11 4 

0.2 6 

8 


3.4 | 4.0 | 5.1 | 6.2 | 7.2 | 8.2 
3.2 | 3.7 | 4.6 | 5.4 | 6.2 | 6.9 
3.1 | 3.5 | 4.2 | 4.9 | 5.6 | 6.2 
3.1 | 3.4 | 4.0 | 4.5 | 5.1 | 5.6 


10 
12 


—@He=1m —e—He=2m 
—#—He=3m = —He=4m 


2 4 6 qe? 


0.37 
—@—He=1m —e—He=2m 
0.34 |& —t—He=3m =F He=4m 
0.31 —eHe=6m = —@—He=8m 
——He=10m He=12m 
0.28 
0.25 
« 0.22 
iy 
S 
0.19 
2 5 8 11 14 17 20 
H/H, 0.16 
Chart-4: H,/H, Vs Mo/q, for B,=30m 
0.13 
Depth Ratio (Hs/He) at Ao /qe=0.20 for width of 0.1 
Embankment Top, Be =5m to 50m and height of 
embankment, H-e=1m to 12m is presented alternately 0.07 
in Chart-8. 
aiid 0.04 
According to power trend line of Chart-8, Depth 2 5 8 11°14 17 20 23 26 29 
Ratio (Hs/He) for Aa/qe=0.20 is termed as (=) may H/H. 
a: Chart-5 H,/H, Vs o/q, for B,=40m 
be expressed by equation (5) 
www.trendytechjournals.com 42 
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Significant stressed zone Dsfor reduction of 100% 
consolidation pressure up to 20% is termed as, 
H, 
Dscp,20 =H, (=) (6) 
Hel g2 
Hence, the Significant stressed zone, Dscp may be 


expressed by equation (7) - 

Dscp,20 = any (7) 

Values of coefficient a and b is given in Table 6. 
Approximately simplified values of Dscp20 is given 

in Table 4. 


Table 4: Simplified values of Ds; for reduction of 
consolidation pressure up to 20% 


Width of H. 
Embankment | 5-10 | 20-30 | 40-50 fra} 
Top, Br 
D 9He 20He 30He 1-4 
ae 4H. | 6He | 8He 6-12 


3.2 Significant stressed zone for 30% Stress 


The values of Ds for reduction of consolidation 
pressure up to 30% is too high. From this thought 
feasible value of Ds are obtained separately for 
reduction of consolidation pressure up to 30%. 

Depth Ratio (H;s/He) at Ao/qe=0.30 is termed as 


(*) for width of Embankment Top, B: =5m to 50m 


e’ 0.3 
and height of embankment, He=1m to 12m is 
presented in Table 5 and in Chart-9. 
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Depth Ratio (Hs/He) at Ao /qe=0.30 for width of 
Embankment Top, Be =5m to 50m and height of 
0.36 
—@—He=1m -—@—He=2m 

0.33 |4 —#—He=3m —BRHe=4m 
—He=6m —@—He=8m 


—— He=10m He=12m 


2 5 8 11 14 17 20 23 26 29 32 
H/H. 
Chart-6: H,/H, Vs Mo/q, for B,=50m 


Table 5: Values of (=) for width of B: =5m to 50m 
e703 
and He =1m to 12m 


Bm) | 5 | 10 | 20 | 30 | 40 | 50 


3.15 | 4.11 | 5.17 | 5.65 | 5.9 | 6.07 


2.46 | 3.15 | 4.11 | 4.76 | 5.23 | 5.49 


2.18 | 2.72 | 3.53 | 4.13 | 4.56 | 4.93 


(=) 2.02 | 2.47 | 3.16 | 3.69 | 4.13 | 4.48 
03 | 1.86 | 2.19 | 2.73 | 3.18 | 3.58 | 3.91 


1.76 | 2.03 | 2.49 | 2.88 | 3.22 | 3.51 


1.71 | 1.93 | 2.32 | 2.66 | 2.94 | 3.2 


l— 
RiP 
NfS/S|A/S]wiwje le = 


1.67 | 1.85 | 2.19 | 2.47 | 2.72 | 2.95 


According to power trend line of Chart-10, Depth 


Ratio (Hs/He) for Ao/qe=0.30 is termed as (=) may 
e” 0.3 
be expressed by equation (8) 
Hs\ —b 
(7), = aH) (8) 
Significant stressed zone Ds for reduction of 


embankment, He=1m to 12m is presented alternately 

in Chart-10. 

Values of coefficient a and b is given in Table 6. 
Approximately simplified values of D; is given in 

Table 7. 

32 


30 


—@— He=1im —e— He=2m 
He=3m —@—He=4m 

—=—He=6m —@—He=8m 

—H—He=10m —&#—He=12m 


10 15 20 25 30,35 40 45 50 
t 
Chart-7: H,/H, Vs B, for Ao/q, =0.20 


Table 6: Values of coefficient a and b. 


Ranges 
H 
= p, | ofB, | a | b ah 
7 (m) 
5 5.63 | 0.27 
10 | 8.25 | 0.39 
Hg 20 | 13.3 | 0.51 
cae Ps.cp.20 |—3g F783 | 0.59 | 0-944 
40 | 23.5 | 0.64 
50 | 28.1 | 0.68 
5 2.98 | 0.25 
10 | 3.96 | 0.32 
Hg 20 | 5.18 | 0.35 
(i). Ps.cp20 39 15.86 | 0.34 | 9-27 
40 | 6.28 | 0.32 
50 | 6.53 | 0.30 


Table 7: Simplified values of Dsfor for reduction of 
consolidation pressure up to 30% 


100% consolidation pressure up to 30% is termed as, Width of H. 
Dienseat (£) (9) Embankment | 5-10 | 20-30 | 40-50 (m) 
~ ° \He/ 9.3 Top, Br 
Hence, the Significant stressed zone, Ds-p may 4H 5.5H. | 6He 1-4. 
be expressed by equation (10 ) Ds.ep,30 2He 2H. AHe 6-12 
Ds. cp,30 = JC: aa (10) 
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—e@— Bt =5m 

—e— Bt =10m 
—— Bt =20m 
—@— Bt =30m 
—— Bt =40m 
—@— Bt =50m 


y 
& 
S 
S 
S 
S 
S 


2 eee 


123 4 5 6 7 8 9 10 11 12 


e 
Chart-8: H,/H, Vs H, for Ao/q, =0.20 


4. CONCLUSION 


The depth of subsoil underlying a highway 
embankment is identified at which the consolidation 
pressure is reduced to 20%. This depth is significant 
stressed zone for Ao/qe=0.20 and termed as _Ds,cp,20. 
Values of Ds,cp20 are found 4He to 9He for embankment 
top width 5-10m, 6He to 20H-for embankment top 
width 20-30m and 8H- to 30Hefor embankment top 
width 40-50m. These values are too high and 
indicates influence of highway embankment up to 70- 
80m for 30m wide embankment. Considering 70-80m 
of soft or very loose soil in design not to be feasible. 

Alternately, the depth is also identified at which 
the consolidation pressure is reduced to 30%. This 
depth is significant stressed zone for Ao/qe=0.30 and 
termed as Ds, p30. Values of Ds,cp30 are found 2He to 
4H. for embankment top width 5-10m, 3He to 5.5He 
for embankment top width 20-30m and 6H: to 4H. for 
embankment top width 40-50m. . These values are 
not too high and indicates influence of highway 
embankment up to 20-35m for 30m _ wide 
embankment. Considering 20-35m of soft or very 
loose soil in design may be practically feasible. 


6.5 
—@—He=im —e—He=2m 
He=3m —@—He=4m 6 
—eHe=6m —@—He=8m —e— Bt =5m —o— Bt =10m 
—H— He=10m —&—He=12m 55 
* ——Bt=20m —=—@=—Bt =30m 
5 —— Bt =40m —@—Bt=50m 
4.5 
= 
4 
2 
3.5 
3 
2.5 
2 
1.5 
12 3 4 5 6 7 8 9 10 11 12 
5 10 15 20 25 30 35 40 45 50 H, 
B, Chart-10: H,/H, Vs H, for Aa/q, =0.30 
Chart-9: H,/H, Vs B, for Ao/q, =0.30 
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